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1 (57) Abstract 

i a wiring substrate with reduced *iier- 

j rr.al expansion stress. A wiring substrate. 
' such as' a laminated PWB. thin rilm circuit. 
. ieac frame, or chip carrier accepts an inte- 
; grated circuit, such as a die. a flip chip, or 
j tail grid array package. The wiring $ur> 
j stratc has a thermal expansion stress reduc- 
! ticn insert, void, or constructive void in a 
' thermal expansion stress region rroxirr.aie 
;c :ne integrated circuit. Tr.e ir.erma. ex- 
cans ion stress reduction insert or void may 
extend a selected distance from the edge or 
edges of the integrated circuit aoachment 

area - 11,6 H^S^^^'- •- * "g suostrac in she xg.cn that is pined to chc integrated c:rc,:u ^uc:h S .hern 
^^°ct^of^S £ZmZ!££i circuit JL*. In another ■ entbodirnenu layers of >*£»"*i"l * 
5£ «E£JJ no. bonded beneath the cr*? asach area, thus allowing grta.er flexib.l.ty of the upper layer of the lam,, .ate. 
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ISOLATED FLIP CHIP OR BGA TO MINIMIZE INTERCONNECT 
STRESS DUE TO THERMAL MISMATCH 

CROSS-REFERENCES TO RELATED APPLICATIONS 
5 This application claims priority from U.S. Provisional Application Serial 

No. 60/097,066, entitled ISOLATED FLIP CHIP OR BGA TO MINIMIZE 
INTERCONNECT STRESS DUE TO THERMAL MISMATCH, by Sundar Kamath 
and David Chazan (Attorney Docket No. 019905-00 1900US), filed August 19. 1998, 
the disclosure of which is incorporated herein by reference. This application is be:ng 

1 0 filed concurrently with U.S. Utility Application Serial No. , entitles 

IMPROVED WIRING SUBSTRATE WITH THERMAL INSERT, by Suncar Xmath, 
David Chazan and Solomon Beilin fAttcmev Docket No. 0! 9905-00 1920fS\ the 
disclosure of which is incorporated herein by reference. 

! 5 3 ACKGROL-TO OF THE INVENTION 

A major problem facing manufacturers of wiring substrates, such as 
printed wiring boards ("PWBs"), chip carriers, and VLSI substrates, is the management 
of thermal expansion stresses between the materials of the substrate, in the case o: a 
laminated substrate, arid between the materials c: the substrate and components 

20 mounted on the substrate. 

Thermal stresses can arise in a: least two situations. One sttuatxn :s 
when a thermal gradient is present. A higher temperature in one area of the substrate, 
such as underneath a heat source, can cause thermal expansion relative to a zoclzr area 
of the substrate, even if the substrate is mace cf a single materia:. The effects c: ".is 

25 situation can often be mitigated by slowly changing temperature, thus lowering the 

thermal gradient. 

A second situation is when materials with different coefficients ci 
thermal expansion ("CTE") are used. One material then expands and contracts at a 
different rate (typically expressed as a dimensicnless coefficient, e.g. mm/mm, per 
30 degree of temperature) than the other as the temperature changes. Different:^: CTzs 
can cause problems regardless of the rate at which the materials are heated or cooied. 
If the materials are bonded or otherwise attached together, thermal stress is generated 
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whence temperature changes. This stress can result in deformation (warping) or even 
fracture of the material, in order to relieve the stress. 

For examole. PW3s are typically formed by laminating several layers ot 
different materials together. Conductive layers, such as copper layers patterned 
according to a desired wiring layout, are typically separated by, and laminated to, 
dielectric layers that provide electrical insulation between the conductive layers. The 
dielectric layers are typically polymeric resins, such as epoxy resins. The dielectric 
layers often have a CTE of about 50-70 ppm/ 0 C, while the metals used in the 
conductive layers have a CTE of about I6-17 ppm/°C. Thus, a heat source placed on a 
PW3 or similar wiring substrate can create thermal stress. 

The increased complexity of contemporary integrated circuits affects the 
problems arising from thermal stress in many ways. First, the high device count on 
very-large-scale -integrated circuit (VLSI") chips often means a single chip will 
venerate more heat compared to a chip with a lower device count. The snr.nkmg 
dimensions of the devices on the chips mean that the heat is often concentrated in a 
smaller area. Some -Cs generate over 10 W7cm : . The shrinking dimensions also mean 
that the traces on the chio are finer citch and the contact pads on the chip aiso r.ave 
finer pitch, not to mention that the number of contact pads has substantially increased. 
Finally, the overall dimensions cfVLSl chips nave increased in many cases. The 
increased dimensions result in a greater total expansion or contraction, which can lead 

io h:ghcr thermal stress. 

A variety cf technologies have been developed to address the finer 
contact pitch and increased number cf contacts. Examples include bail-grid arrays 
("3GAs"), which are rsckasec :h:3S with an array cf bumps, typically solder dots, on 
one surface of the package. The package may include a chip carrier or lead frame, with 
the actual semiconductor chip bonded to the carrier and the electrical contacts brought 
from the IC chip to the bails cf the BGA. Another exampie are known as "flip chips", 
which are similar to BGA packages in that bumps, typically of solder, eutectic, or 
conductive adhesive, are formed over contact pads on the IC chip. The chip is then 
"flipped" onto a wring substrate and bonded. Flip-chip is usually reserved to describe 
a type of direct chip attach, even though it is very similar to packaged BGA process. 

Unfortunately, the IC package or flip chip may be made of a material, 
such as plastic, ceramic, or semiconductor, with a different CTE than any of the 
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materials in the wiring substrate. To complicate matters, the finer pitch of the contact 
array typically means a finer wiring pattern must be used on the wiring substrate. The ^ 

finer wires are not as strong as wider wires would be. and thus are more susceptible to 
breakage when subjected to stress. Similarly, if a shear stress develops between the IC 
and the substrate, a smaller solder bail will have less strength to resist the stress 
(including work hardening), and may fail at the joint, or may crack. A particularly 
insidious aspect of such failures is that an electrical contact may be established at one 
temperature, and not at another, as thermal expansion and contraction brings the 
cracked or broken halves of the electrical path together and apart. 

Therefore, it is desirahie to reduce the failures caused by thermal stress 
; :: w\~~z substrates and :r. assemblies :f integrated circuits and w-r.ng substrates. 

SUMMARY OF THE INVENTION 
The present invention provides a wiring substrate with reduced thermal 
exoans::n. The wirina substrate has a thermal expansion stress reduction insert, voic, 
or constructive void in a thermal expansion stress region proximate to the integrated 
circuit. The thermal expansion stress reduction insert or void extends a selected 
distance from the edge or edges of the integrated circuit attachment area. The thermal 
expansion stress reduction insert or void improves the flexibility of ihe.wirmg substrate 
in the region that is joined to the integrated circuit, thus reducing thermal stress 
between ccmoonents of the wiring substrate-integrated circuit assembly. Vvhnng 
substrates according to the present invention include laminated. PW3s. th:n turn 
circuits, ".ead frames, or chip carriers and can accept an integrated circuit, such as a die. 
a flip chip, or a 3GA package. 

In a specific embodiment, the wiring substrate is a laminated printed 
wiring beard with the thermal stress reduction insert or void in a layer proximate to an 
outer layer to which the integrated circuit is joined (mounted). In a further embodiment 
the thermai stress reduction insert is an elastomer, such as a siloxane. In an alternative 
embodiment, the wiring substrate is a thin film substrate 

In anotner embodiment, a constructive void is formed by filling a cutou:.--.. 
portion of the inner layer with a material that thermally degrades when the laminate is 
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in yet another embodiment, the layers of the laminate are pressed in 

selected regions, so that the layers in the thermal expansion stress region are not 

bonded. 

These and other embodiments of the present invention, as well as its 
advantages and features, are described in more detail in conjunction with the text below 
and attached figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 A is a simplified view of a laminated PWB with a BGA device 
mounted on a surface of the PWB; 

showing a thermal expansion stress region; 

Fig. 2A is a simplified view of a PWB with a stress re'.te: region 
according to one embodiment of the present invention; 

Fig. 2B is a simplified view of a PWB with a stress relief insert 
according to another embodiment of ±e present invention; 

Fig. 2C is a simplified view of a PWB illustrating a processing step 
according to the present invention: 

Fig. 2D is a simplified cross section showing a die used :c laminate 

PWBs; and 

Fig. 2E is a simplifies now chart of a process according tc the present 
invention and Fig. 2C. 


The present invention provides articles of manufacture with improved 
thermal stress characteristics for use in wiring substrates, and methods for producing 
the same. As examples only, the articles of manufacture include PWBs, chip carriers, 
VLSI substrates, thin film substrates, and the like, as well as such substrates with an 
attached IC device. The IC device may be a BGA chip, a packaged BGA device, an IC 
with wire bonding pads, or the like, and may be attached to the substrate by any one of 
a variety of die attach methods, as are known in the art, including solder die attach, flip- 
chip, and BGA solder die attach, such as controlled collapse chip connection ("C4"). 

Fig. 1A is a simplified view of a-laminated PWB 1 with a BGA device 2 
mounted on a surface 3 of the PWB. It is understood that a BGA device is used as an 
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example only, and that other devices, such as a micro-BGA, flip chip, thin-film 
substrate (with or without an attached IC, such as a VLSI IC), or even a backside 

attached die could be used. The P\V3 is illustrated with only three layers for 
simplicity, and it is understood that PW3s may have several layers laminated together. 
For example, some ?W3s may have six or more conductive layers separated by 
dielectric layers. Accordingly, the number of laminations shown is for example only. 
A wiring array (not shown for simplicity of illustration) has been patterned on the 
surface 3 of the PWB to accept an integrated circuit. The BGA device 2 has been 
electrically and mechanically attached to an attachment area on the surface of the ?W3 ; 
such as by a C4 process, as is known in the art. 

Cracks 4, 5 in the ?\V*3 cr in the device (rig. 1 A) can form from thermal 
stress. Thermal stress can be generated by external thermal sources/sinks, such as a 
gradient formed by a change in the amcter.t temperature, or thermal stress can be 
generated by the de\ :ce ;tse!f if the device generates heat durtng its operation. A 
thermal exoansio^ "t*"e c * "e^'c *"?~erted bv a dashed hne^ can form m the area cf 
the device. The thermal expansion stress region in the p\V3 is typically opposite and 
co-extensive with the device attachment area, and may extend about 1-5 mm past the 
edge of the device, depending on the thermal characteristics of the PVVB and the device. 

rig. 1 3 .s 2 5:rrp]i fled top '. :ev. showing "he thermal expansion stress 
region 6 formed in the ?Vv"3 : in the area of the device 2. 

Severn, factors affect :ne amount of stress ar.sing in a particular 
application. As mentioned above, the size of the device affects the total displacement 
resulting from differentia; CTEs. as dees the difference between the CTEs of the 
materials. Also, some materials are mere resistant to cefcrmaticn than ethers, -r.s 
some are stronger \more resistant to breaking) than others. For example, if thermai 
stress is generated in a compliant material, that material can deform to release the 
stress, rather than cracking, even if the material is relatively weak. Conversely, if a 
material is relatively bristle, such as silicon, alumina-based ceramic, or single-crystal 
alumina (''sapphire"), the material might faih even if the material has high inherent 
strength, especially if it is relatively thin. Thus, whether an assembly will fail, and 
where it will fail, depends on many factors. A relatively compliant material attached to 
a relatively stiff materia! car. improve the reliability of an assembly of these materials;. 

• Fig. 2A is a simplified view of a P WB 7 with a BGA device 2 attached 
on a surface of the PWB. The PWB in this figure differs from the PWB shown in Fig. 


^rTTPCTAJS99/18778 


WO 00/11716 

1 A in that a stress relief region 8 has been formed in the PWB 2 during its 
manufacturing process. The stress relief region 8 is a void or a constructive void that 

reduces the stiffness of the laminated P WB in the thermal expansion stress relief 
region. A constructive void is a space that is not necessarily entirely empty. For 
example, the void could be filled with a filler material that does not provide significant 
mechanical support that might contribute to thermal expansion or contraction forces 
being generated in the laminate layer 9 surrounding the void, or might be partially fuled 
with the residue of a material that decomposes during the lamination process. 

Alternatively, the stress relief region could be formed by punching out a 
portion of the iayer 9 prior :o lamination of the PWB 7. The void or constructive void 
corresponds to the thermal expansion stress region in the area of the PWB that wiil 
underlie the attached device 2. and is essentially co-extensive with the die attach 
reaion. mear.ina that the thermal expansion stress region is about the same area as the 
die attach area, although the thermal expansion stress region may extend a few 
-v'! ; -teters bevond the die attach area on one or more edges. Removing a region of the 
inner laminate layer materia! 9 within the thermal expansion stress region 6 allows the 
outer laminate layer 10 within at least a portion of the thermal expansion stress region 
to be more flexible. More flexibility in the outer laminate layer allows it to better 
compensate for the horizontal shear forces caused by its rigid attachment to an 
exnand:-^ chir? rac-raite and so reduces or eliminates the chances of cracking in the 
iaminate or the chio. The cuter layer is bonded to the inner layer over a major portion 
of the interface between the two layers, but not bonded together in the stress relict 
reeion. which is typically a small fraction of the entire interface area. 

zr.. ".he volume thai w : 1 1 bw-i-me tr.e void or cor.str-a.r.e 
void can be filled with a material, such as a polymeric foam, that degrades or 
decomposes during subsequent thermal treatment. It is desirable that the thermal 
decomposition materials decompose at at least about 10-20 C C below the processing 
temperature used to laminate the PWB. If foam is used, it is preferable that the foam be 
an inert gas foam, so that nitrogen, argon, or similar inert gas would be released upon 
degradation and the degradation products not unduly contribute to corrosion of the 
PWB assembly. It is preferable that the degradation starts below the upper layer in the 
lamination stack. The lamination process.typical]y uses temperatures between about 
150-1 70°C, so a low thermal decomposition material that decomposes between about 
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130-160°C is desirable, depending on the actual processing temperatures. Such 

materials include polyalphamethylstyrene and poiyisobytylene, for example. _ # 

Fig. 2B is a simplified view of a laminated PWB 1 1 with an attached 
device 2 in which a stress relief material 12 has been incorporated into a layer 9 of the 
5 PWB in the thermal expansion stress region 6. The stress relief material Is a compliant 
material that is relatively easy to elastically deform, yet adheres to the overlying 10 and 
underlying 13 layers of the laminated PWB. The stress relief material is, for example, 
silicone rubber, siloxane [-(Si(CHs):0)n-] elastomer, fiuorinated siioxane. fiuorinated 
silicone rubber, or other similar material. It is desirable that the stress relief material 
10 has a modulus at least 1 00 times less than the modulus of the surrounding and/or 

overlying laminate. For example, if the laminate material has a modulus of about 2-3 
GPa, siloxane with a modulus of about 0.0'. k?a would be sufficient, but a material 
with a modulus of about 10 MPa would aiso be acceptable. In other embedments, it :s 
desirable that the stress relief material has a modulus at least i 000 times iess than the 
'. 5 modulus of the surrounding and/cr overlying ! am mate. :t :s runner ces:rac;e -.-.a. i..e 
stress relief material not break down or un-bond from the laminate during suosequent 
processing, in which temperatures might reach as high as i 70 s C 

Fig. 2C is a simplified view cf a multi-layer ?V.'3 stack '.5 during a 
lamination process step. An upper 17 and lower 19 die press the layers 21, 2.J, 25 oi 
20 the laminate together. At least one of the upper or lower dies. ?r both (as shewn', has a 
cutout 29 in a region 27 that corresponds to a thermal expansion stress region, l r.us, 
during the lamination process pressure is not applied to the thermal expansion stress 
region of the laminate, and the outer layer 21 of the laminate is not ooncec to :ne 
uncerlvin: laver 22 of the laminate in -.his region. This a'.'.c-vs the outer '.armnate layer 
25 to move independently from the inner laminate ".ayer in that region anc rrex to rettc e 
thermal stress between an attached IC and the outer layer. 

Fig. 2D is a simplified cross section of a die 30 used to apply pressure to 
selected regions of a PWB stack 15 against a second die cr anvil 19' during a 
lamination process. The die has a cutout 27 so that pressure is selectively not applied 
30 to a possible thermal expansion stress region 29. The die is fabricated with a rehei j2 
near tne perimeter j-4 o; me cutout so tnat pressure is concentra-tec aroun- ^.s r e 

. . . —-. . . • ■•■» ',ir • ".at'cn - 

o; ;he imoo.nueu tr.enna: expansion, stress :z~.^.. ^ . r — • 

strength around the perimeter of the thermal expansion stress region and reduces the 

likelihood of delamination in use. Other methods to prevent or reduce delamination 
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around the thermal expansion stress region, such as plated through holes or solder pipes 
(whether electrically conductive or merely structural), could also be used alternatively 
or in addition to lamination techniques. Of course, a plated through hols, including a ~ 
solder-filled hole, need not extend through all layers of the PWB. It would be 
acceptable that a solder pipe, for example, merely extend through the outer layer 2 1 and 
attach to the underlying layer 23, as by soldering to a metal trace on the underlying 
layer. Conversely, a solder pipe could extend through the underlying layer and attach 
to a metal trace on the inner surface of the outer layer (at the interface with the 
underlying layer), thus conserving surface area near the chip attach area. 

Fia. 2E is a simplified flow chart o: a process (200) according to the 
present invention. Layers to be laminated are stacked (step 202) in preparation for the 
'aminatien nrocess. A die or dies press the layers together in selected areas (step 204) 
to ieave un-bonded layers in anticipated thermal expansion stress regions. The 
penmeter of the un-bonded area may be strengthened curing the lamination process, or 
a separate footicr.a 1 ^ perimeter strengthening step '206). such as forming through holes 
through an outer layer of the laminate and soldering the through holes to an inner layer 
cfthe laminate. 

Having fullv described various embodiments of the present invention, 
other equivalent or alternative structures and methods will be apparent to those of 
orcinarv skill in the art. For exampie. while cmbociments have been described with 
laminated layers c-f eco.w material, it is understood that other materials could be used 
in one or several layers of the lamination. Other materials could include metal layers, 
metal-ciad layers, glass-filled fluoropolymer layers, and alumina-based ceramic layers, 

to name but a few. 

Similarly, while embodiments have been described in the context of a 
PWB. the invention is applicable to other types of substrates. Accordingly, the scope 
of the invention should not be limited by the specific embodiments described above, 
but rather by the following claims. 
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WHAT IS CLAIMED IS: 

1 1. A multi-layer wiring substrate comprising: - 

2 an outer layer with an outer surface and an inner surface, the outer 

3 surface having an attachment area for mounting an integrated circuit onto the outer 

4 surface of the outer layer, 

5 an inner layer laminated to at least a major portion of the inner surface 

6 of :he cuter layer, the inner layer including a thermal stress relief region opposite to a.nu 

7 essentially co-extensive with the attachment area on the outer surface of the outer layer. 

1 2. The multi-layer wiring substrate of claim 1 wherein the thermal 

2 stress relief region is a void or a constructive void. 

1 3. The multi-layer wiring substrate of claim 2 wherein the 

2 constructive void contains a residue from a thermal decomposition material present in 

3 the thermal stress relief region prior to a step of laminating the outer layer :c the inner 

4 layer. 

1 4. The multi-layer wiring substrate of claim 3 wherein the thermal 

2 decomposition materia: is selected from the group consisting of 

3 nelvabhamethvistyrene and polyisobytylene. 

j 5. The multi-layer wiring substrate of claim 1 wherein the thermal 

2 stress relief region is filled with a compliant material. 

1 C\ The multi-layer wiring substrate of claim 5 wherein the 

2 compliant material is selected from the group consisting of siloxane elastomer, 

3 iTuorinated siloxane elastomer, and fluonnated silicon rubber. 

1 7. The multi-layer wiring substrate of claim 5 wherein the outer 

2 iayer has a first modulus and the compliant material has a second modulus, the first 

3 modulus being at least 100 times greater than the second modulus. 


1 8. The multi-layer wiring substrate of claim 1 wherein an edge of 

2 the thermal stress relief region extends beyond an edge of the attachment area a 

3 distance of between about 1-5 mm. 
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1 9. The multi-layer wiring substrate of claim 1 wherein the thermal 

2 stress relief region is a region where the inner layer is not bonded to the outerlayer. \. 

1 1 0. A laminated printed wiring board comprising: 

2 a first dielectric layer of a dielectric material having a first modulus, the 

3 first dielectric layer having an outer surface and an inner surface, the outer surface 

4 b.2\ r :r.z an attachment area fcr mounting an integrated circuit provided as a ball grid 

5 array package, a micro ball grid array package, or a flip chip onto the outer surface of 

6 the first layer; 

7 a second dielectric layer laminated to the inner surface of the first 
S dielectric layer and to 3 third dielectric layer, the second dielectric layer having a 
9 thermal stress relief region formed in the second dielectric layer be: ween the first 

10 dielectric layer and the third dielectric layer and apposite to and essentially 

1 1 co-extensive with the attachment area cn the cuter surface of the first dielectric layer, 

12 the thermal stress relief region being filled with a contpiiant materia! having a second 

13 modulus, the first modulus being at leas: ".GO times greater than the second modulus. 


11. A process for manufacturing a laminated printed wiring board, 
the process comprising: 


3 assembling a selected number of layers of printed wiring board material 

4 to be iaminatcd to form a stack; 

5 applying pressure to a first selected region of the stack and not to a 

6 second selected region of the stack during a lamination process to bond the layers 

7 together except in a thermal expansion stress relief region, the thermal expansion stress 
S relief region being in the second selected region. 

1 12. The process of claim 1 1 wherein the pressure is applied to 

2 enhance a lamination strength in a perimeter region of the thermal expansion stress 

3 relief region. 

1 13. The process of claim 11 further comprising a step of increasing a 

2 lamination strength in a perimeter region of the thermal expansion stress relief region. 

1 14. The process of ciaun 13 wherein the strengthening is achieved by 

2 forming plated through holes in either an upper layer or an underlying layer of the 
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3 laminate in a perimeter region of the thermal expansion stress relief region, and filling 

4 the plated through holes with solder to attach the upper layer to the underlying Jayer. m 

1 15. a laminated printed winng board assembly comprising: 

2 a first layer having a first modulus, the first layer having an outer surface 

3 and an inner surface, the outer surface having an attachment area; 

4 an integrated circuit provided as a ball grid array package, a micro ball 

5 grid array package, or a Hip chip attached to the attachment area of the outer surface of 

6 the first layer; 

a second dielectric layer laminated to the inner surface of the first 
3 dielectric layer and to a third dielectric layer, the secop^ciejecncjaver having a 
9 thermal stress relief region formed in the second dielectric -layer-between the first 
dielectric '.ayer and the third dielectric layer ar.d opposite tc ir.i essentially 
co-extensive with the attachment area on the outer surface of the f:rs; dielectric layer, 
the therrr.oi stress relief region being fiiled with a corr.piiar.t r.atcriai having a second 

• ■ - •,„;„„ .„;,.,-• i'V, •• — --.c second n-.odulus. 

rr.oc-.-i. "..~.e ::rst mocuius aemg at !caa» : w 5 — ••— 
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